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With a view to the teaching of Jorgensen et a J . the Examiner 
acknowledged that the reference failed to specifically disclose, ap- 
plicants' requirements pertaining to the optional gas distributor 
plate which is situated in the region of transition of the reactor 
defined in Claim 1 and further specified in the dependent claims. The 
Examiner asserted, however, that a person of ordinary skill in the 
art would have been motivated to modify the percentage of the gas 
distributor plate surface which is occupied by orifices in the manner 
necessary to arrive at applicants' requirements because Jorgensen .et: 
al. state that a variation of the openings of the primary grid re- 
sults in an adjustment of the pressure drop caused by the grid. The 
Examiner, therefore, concluded that the modifications which distin- 
guish applicants' reactor arrangement from the reactor design taught 
by Jorgensen et al. were merely optimum workable conditions deter- 
mined by a routine optimization of a result effective variable. # 

It is respectfully urged that the Examiner's conclusion is in 
error for failing to duly consider further pertinent information 
which is provided by the teaching of Jorgensen et al. and/or part of 
the background knowledge available to a person having ordinary skill 
in the art pertaining to gas-phase fluidized bed reactors. With re- 
gard to the latter, applicants herewith enclose copies of pages from 
a textbook on "Fluidization Engineering ."*> 

It is well known in the pertinent art that a pressure drop of at. 
least 15%, preferably at least 30%, of the total pressure drop over 
the fluidized bed is necessary to achieve equal flows over the wholfe 
fluidi2ation grid. This fact is, for example, corroborated by Jorgen- 
sen et aJ.'s statements in col, 5, indicated lines 46 to 54, of US 
6, 11$, 862, and by the explanations on page 102 of Jfttnii et al. tt is 
also well known in the pertinent technology that the prerequisite 
pressure drop for fluidi2ation is achieved by a fluidization grid 
having less than 10% of its surface taken up by openings, 2 ) corr^ 
spending to the statements of Jorgensen et al. that the primary flui- 
dization grid has to obstruct at least 75% and preferably at least 
90% of the area which is available for flow. 3 ) Essentially, a higher 
the obstruction which is provided by the fluidization grid provides 
for a higher pressure drop and vice versa, and a certain pressure 

1) Xaaii et al,, Buttarvorth-Heinemann, Newton, MA, 2 nd Ed, 1991, pages 95 to 97 and 
102 to 106; copy enclosed; 

2) Cf., e.g., kanll «t ml., page 105. 

3) Cf- col- 4, indicated lines 20 to 23, of US 6,113, $£2. 
060213 - 2 - 
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drop is necessary to achieve the equal flows over the whole f luidiza- 
tion grid which are required for proper f luidization. 

In light of the teaching of Jorgenson et al. and the technical- 
background knowledge, any optimization of the percentage of openings 
in the surface of the f luidization grid would therefore be sought: 
among grids which provide an obstruction of more that 75% or even, 
more than 90% of the area in order to ensure the pressure drop which 
is necessary for proper f luidization and to achieve equal flows, over 
the whole f luidization grid. Turning away from these principles and 
reducing the obstruction, ie. choosing to employ no gas distributor 
plate or a gas distributor plate which obstructs legg tftflP fiP % of the 
area according to applicants' invention can, therefore, not reason- 
ably be considered as a mere routine optimization of a result effec- 
tive variable. 

For completeness sake it is acknowledged that the secondary grid 
of the reactor addressed in the teaching of Jorgensen et al. may have 
an impact on the overall pressure drop in the reactor. However, bear-, 
ing in mind that the secondary grid which is employed by Jorgensen 0t 
al. is preferably mesh like as depicted in Figure 2, the pressure 
drop contributed by the secondary grid is significantly lower than 
the pressure drop provided by the primary grid.*) The pressure drop 
over two grids can be calculated by simply adding the pressure drops 
over the grids, and any contribution to the overall pressure droE* 
which is provided by the secondary grid is, therefore, negligible* 

The foregoing shows that the Examiner's position that applicants' 
requirements are the result of a routine optimization of a result 
effective variable is not well taken* As pointed out in applicants' 
previous papers i obviousness under Section 103(a) requires that the 
motivation to make the changes which are necessary to arrive at this 
elements of the claimed invention and the reasonable expectation of 
success be found in the prior art, and neither the motivation nor the 
expectation of success can be based on the applicant's disclosure. *) 
Accordingly, the teaching of Jorgensen et al. cannot reasonably be 
considered to render applicants' invention prima facie obvious. 

Favorable reconsideration of the Examiner's position and with- 
drawal of the rejection of Claims 1 to 4, 6 and .10 based on the 
teaching of Jorgensen et al. is therefore respectfully solicited. 



4) Cf . col- 6, indicated lines 3 to 5, of US $,113 r 862. 

5) In rs Vaeck, 947 F- 2d 488, 20 USPQ2d 1438, 1442 (Fed. Cir. 1991), 
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The foregoing explanations and arguments are also fully applica- 
ble where the Examiner's rejection of Claims 7 and 8 is concerned; 
The respective claims address an embodiment of the reactor defined in 
Claim 1 which further comprises a closable flap and the Exaiainer 
applied the disclosure of Lubbock for showing a slide valve, consid- 
ered to be an equivalent to a flap. The disclosure of the secondary 
reference does not add anything to the teaching of Jotgensen et ali 
which would close or even narrow to gap to applicants' reactor as 
defined in Claim 1, and the respective requirements are incorporated 
into applicants ' Claims 7 and 8 by reference. Obviousness under Seo^ ' 
tion 103(a) relates to "the invention as a whole" , and the question 
whether the disclosure of Lubbock can be taken to suggest the use of 
a closable flap is deemed to be moot in light of the differenced 
between the elements of applicants' reactor which are specified in 
Claim 1 and the reactor which is addressed in the teaching of Jovgen- 
sen et ai. It is therefore also respectfully requested that the re- 
jection of Claims 7 and 8 based on the teaching of Jorgensen et .aiV. 
and the disclosure of Lubbock be withdrawn. Favorable action is so- 
licited. 

Please charge any shortage in fees due in connection with the 
filing of this paper, including Extension of Time fees, to Deposit 
Account Wo, 14,1437 , Please credit any excess fees to such deposit 
account. 

Respectfully submitted, 

Novak Druce DeLuca & Quigg 



Jason D. Voight 
Reg. No. 42,205 



1300 Eye Street, N,w. 
Suite 400 East Tower 
Washington, b.c. 20005 
(202) 659-0100 

End.; Kunii et al., "Flvidi nation Engineering" Butterworth-Heineraann, Newton, 
HA, 2 nd Ed, 1991, pages 95 to 97 and 102 to 106 
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The Dense Bed: : 
Distributors, Gas. 
Jets, . and Pumping 
Power. 
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Thia chapter focused on what happens at the bottom o£ a dense nWrzed bed 
and oq the proper Introdaetioa of gas feed We consider various distributor 

, deigns, their accompanying gas jetting problems, and the role of ntizzk* and 
their large gas jets as a means of promoting the circuUtipn of bed solids. The 
chapter ends with a discussion of design procedures for distributors and of the 

• pumping power requirement to keep the bed fluJEdfeed. ' • 



ributor Ideal Distridbutors 

\ Nfost small-scale studies In fluidiation use ceramic or sintered metal pojous ' 
. plate distributors, because they have a sufficiently higji Sow resistance to gfve a . 
uniform distribution of gas across die bed. This situation is ideal Many other 
materials- can.do tins — for instance, niter doth, compressed fibers, compacted' 
• • wire plate, or even a dim bed of small particles* Of course, some of these 
mate ri a l s should be reinforced by sandSviching between metal or wire plates- 
*' ' / vvtth large openings. 

. Although ga*4oEd contacting is superior with such distributors* for toiias- '. 
trial operations they have several drawbacks: 

■ • • High^iressure drop leads to increased pumping poNw leqiuresneuts; ' 
often a major operating cost factor: ml 

• Low construction strength, hence impractical for targe-scale .use. 
•.High cost for some nu&erials. 

. " liOw resistivity against thermal stresses. .' 

• Possible gradual dogging by. fine particles or by products of corrosion*'" 

Despite these disadvantages, compacted wire plates or sandwiched beds of snwdl 
. . particles are sometimes used. • 
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FIGURE i 

Rata and grate diatrfbutora art cteep and easy to construct: fa) sartdwdcWog perforated fdatos; 
(b) fftasserad perforated platoe; (c) dtebed prorated plate; <d) ^rete burs. 



Perforated or Mtdtforifice Plates 

Perforated plate distributors are widely vised in industry because die/ are "chesp 
and easy to fabricate- Figure 1 illustrates several variations of a simple perform 
ated plate distributor. Type (9) consists of two perforated plates Aandwkiiing a 
metal jaw that prevents solids Store raining through die orifices when the gas, 
flow is stopped* A variation of this, type (b), use* two staggered perforated plate* 
and bo screen. 

One problem with thfa design is lack of rigidity. Large perforated plates 
deflect unpredictably under heavy bad; hence, they seed reJnforci&g for 
support In add it i on , during thermal expansion gas leakage at the bed perimeter 
is possible, . * 

When it Is impractical to have a reinforcing structure to support a itat 
perforated plate against heavy loads, curved plates, such a* type (c>, are-, 
sometime* used Curved plates will ynthstand heavy bads and thenoal stresses. 
Because bubbling rod c&armelmg tend to occur preferentially near the center ofc 
a Acidized bed, design (c) helps to counter this tendency. Distributor pi J 
curved upwrd achieve good contacting ordy with more orifices near 
perimeter and fewer near the center, a disadvantage for febiicatiori, 
ry; parallel grate bars, type (d)> nwjr be used. These bars tossy be 
two-dtznensiona) versions of perforated plates, and they have only seen 
use; see Pig. 2JB3(b). 

In some operations, targe amounts of soEds enter the bed with the 
gases, for example in Exam's model IV F<CC reactor, or in die 
Jhiidteed kmestone caktaer. In thes* situations perforated plates without 
ore recommended. ' 

k The diameter of orifices in perforated plate distributors may range 
to 2mm In small experimental bed* to as much, as $0 mm in large FCC 
with their solid-entrained gases. 



Tuyeres and Caps 

Perforated plate distributors cannot be used under severe 1 
such as high temperature or a highly reactive emlnminem. Tuyere < 
2) are used in these situation*. The multiple porous plate, type (aJ# i^vejrj 
gas distribution, above each filter, but parricks vd& settle between 
tuyeres. Also, special precautions must be taken to ensure that the inooi 
is free of filter-dogging material. Types (b), (c) t »nd (d) are frequently 1 
prevent solids from falling through the -distributor. However, *fth aff J 
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FIGURE 2 

Tuyare e fehtbuU x a : (a) porous ptaAft type; fb) nozzie type; (c) bubble cap type; (d) tft nazzfo 
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FIGURES 

Delate ol tuyeres: (a) tuyere *fth Inflow office to control the gaa velodty Ot gas eodttng Into ttte 
bod; (b) cap type. 

designs, particles are apt to settle, stater, and stick on the distributor plafce iiseK 
A variety of designs have been proposed and used to rnlnjnrire this effect. 

To ensure equal gas flow through the tuyeres of type (b) 4 (c), or (d). each 
tuyexe may be fitted with a bfgb-res£sta&ce orifice at it* gas Inlet, as shown in 
F$g. 3(a), The cap-type tuyere of Fig 3( b) has no orifice at its gas inlet Instead, 
the orifices around the cap are designed to create a suffictent pressure drop for 
uniform fhridization. A disadvantage of ibis design involves, the jetting effect of 
the high-veloolty gas taring from the orifice*. This can' cause considerable 
particle attrition. Conversely, the velocity of the gas issuing from the tuyeres of \ 
Fig. 3(a) can be chosen as desired because the rate of gas .flow is fixed by the 
riigh-registance inlet orifice. Because of their complicated construction, nxycre- 
type distributors are much more expensive than perforated plate distributors. 

Pipe Grids «Ad Spargers 

Experience shows that internals, such as properly placed heat exchanger tubes, 
substantially improve gas-soHd contacting by breaking up growing babbles and 
by preventing gulf streaming, or grass circulation of solid*, la fact, proper design . 
of internals can improve die quality of fluidtetton so much that refined 
high-r&art&nce distributors a*e not needed. In such cases, a pipe grid or sparger, 
, such as shown in Fig. 4(a), may be all that is needed to introduce reactant gas 
into beds flukhzed by a. second carrier ga* coming from below. This is the 
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PlQUflES 

Effect of background Jlot* and pressure upon th» penotntton dspt>» of a vertfe* Jet, 4* - 
1^ rnm; a<^^ from Ystes a>. {5J. 

They correlate their findings for jet pe&etration length as follows: 



Equation (2) is just 6ne of the flaauy oorrslfltkw proposed for jet I 
As wtth this equation, all other Investigations haw presented their finding* J 
terms of L/d or Mssstaflfo (4] tabulates and then compare* these ftodbg? 1 
two diagrams, Lj/d or versus u- 0 and Lj/^ or versus operating pressure smI f 
disagreement up to a factor of 100 or more. Since many, of the. pertf 
variables, such as solid properties, siz&, and orifice diameter, differ from study X 
study, this is not surprising. 

In conclusion, to predict the jet ' penetration length &r a 
application, choose the correlation far conditions that most, closely match 1 
- system at hand and apply that cojrelarJon vvltb .caution. 

Experience shows that distributors should have a sufficient pressure drop &Pd 
achieve equal flows over the entire cross section of the bed. 
2uidetsveg [14], in the early years of fluSdfeation engineering rules of \ 
were followed, such as 

where Ap^ is the pressure drop across the bed, given by Eq. (3.17). It i 
clear that increased -will ensure a more even distribution of < 
However, an excessive has its drawback** 

, * Power consumption and construction cost for the blower or con ^ 
increases with, tho total pressure drop, or Ap t — ■ Apv + Apy., and. AjS 
represent a significant portion of the total pressure drop. 
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* For tuyere distributors without inlet orifices (see Fig. 3(b)), the required 
distributor pressure drop to satisfy Eq. (3) may require the use of 
excessively high gas velocities at the- nozzles. This may result in erosion 
,9Xk1 breakage of particles and an undesirable shift in size distribution of 
bed solids. 

It is important, therefore* to Jmcw the minimum' Ap^ that would ensure uniform 
iruidte&tion in trie required range of operations. From orifice theory and fixed 
bed equations, we can show that 



for porous plates 

for perforated plates and bryeia distributors 



(4a) 
(4b) 



Several papers have: published recommendations for relating Ap j With 
Apt, for satisfactory operations [15-21], Hiby [15] lowered the gas flow to a 
portion of a bed and considered the bed stable if this caused Apt + Apj to 
decrease in this zone- From these experiments Hrby recommends that for stable . 
operations, one should hove t $ • 



0.015 



fb/— 2 - -1-2 

«<nf 



(5a) 



Considering the channeling that may result from perturbations in & bed at 
close to f mf» Slegel [16] came up with the following criterion* for stable 
operations: 



Ajy 

Apt 



5*<U4 



Extending this channeling model. Shi and Fan [21] conclude that one can 
guarantee 'full fluldization If 



where, at u m f. 



{0.14 " . for porous plate* 
0.07 



for perforated pistes 



(Sb) 



Finally, for bubbling beds of fine particles, meaning u Q > u m ± for GeMart 
A particles, supported on porous or perforated plate distributors. Mod and 
Moriyama [17] considered the consequences of shutting off die flow to part of 
the bed. With resumption of flow would the slumped softis reftuidrze? The 
result of their analysis suggests that for full fluldization one should have . 



4a ; 



(£-)- 



where n — 1 for porous plates. n»2 for perforated plates. Th£> expression shows 
that Apj must be large when operating close to ti^f, bat can be lower when the 
bed operates at high «<»■ 
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CHAPTER 4 — Tli* Dettte Bad: Distributor Gw feci, *nd PunJpatg Fpw«r 

At w^/tf m f > 10 for. porous plates fead «o/w m f> 3 for perforated plates, 
Eq. {9) reduces to 



ao) 



and if we take Lf/L w f« L3-L4. typical of bubbling bed*. Eq. (10) than 
reduce? to Apj (0.2-0.4^ Ap^, which is identical to the rede of thumb gjven fax 
E* (3). 

Using large beds {up to 2.4 ixi square) with tuyere-type distributors. 
Whitehead et aL [22] carried out extensive experiments with a variety of GeJdaxt 
B sands. On slowly increasing die gas flow to the bed, they observed tbrt a 
number of tuyeres became active as soon as t# Q exceeded v^f, as shown In Fig. 
6(a). The number increased progressively until aO tuyeres were iii use when u Q 
reached When they reduced the gas Sow, al) the tuyeres kept op&ra&g und 
a critical velocity u 2 was reached. Then the number of active tuyeres decreased 
until u mf was reached Figure 9(a) shows this hysteresis, behavior. 

Whitehead et al, also found that Apj and were related to L m . p a » and 
u^. Their final correlation is £ven in Fig. 9(b), and shows that deeper beds and 
beds close to t* m f require a larger Apj than do shallow beds at %» « 0 . 

We summarize these finding with the Mowing design recommendations: 

a, For even distribution of fluidizing g^s to a bed where t* 0 is close to « to r ' ; 
choose 

b. The required Ap<j/Apb decreases as t^j/v^f fticreases. 
c» Ap^/Ap^ is. roug^iry independent of bed height, or Ap^, 
d. For the same bed* same u 0 , and same t* but. different. disJrit™ 



s. Apfe / art Ae# pl*t« 

This difference. Is greater when u 0 is close to Vnf and decreases to zero 



% Tbyms tn 
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FIGUHE9 

CharactertsVcs of a mutttuyura cfcarfbutor; adapted from WWhhaad w aL [2?]. 
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e. The original rule of thutnb 

= (0.2-0,4) Apb (3)* 

is verified by* various analyses and experiments and represents a reasonable 
upper bound to the required distributor pressure drop for smooth operatSbns, 
This value can be made lower in specific cases. 

Especially in large-scale commercial-type operations, a severe problem 
occurs when * distributor & designed for a particular range of operating 
velocities bat is operated in a different range. The problem occurs because 4pj 
varies strongly- with u 0 , a* gtven by Eq. (4), whereas. bp± remains practically 
independent of u 0 . So suppose that a distributor is designed according to Eq- 
(5) for u 0 = 2« mf . Then at « 0 » 20u m f» with Eq. (4), we have 



*Ssf, 
4pb 



20 



(0.15) — 1J5 for poxous plates 
/20\ 2 

(0.15)^ J •» 15 for perforated plates tod tuyeres 



Such excessive pressure drops could well exceed the capacity of die blowers. 

Conversely, if a distributor is designed to operate according to Eq» (10) for 
ti o -fi0u m fi then, at ^mf* A Prf becomes negligible and the distributor 
cannot be expected to sustain, even fiutdfefttton. This discussion suggests that the 
porous plate distributor can operate satisfactorily over a wider range of gas 
velocities than can other types of distributor*. 

Finally, with a properly designed d^strfcurn*, one without excessive- jet 
penetration, the rntexactJon between the distributor and the bed is Krnited to a 
narrow bottom zone of bed Above this zone, gas^olid contacting is gcrexned 
primarily by the hydrodynarnie properties of the bed itself and cannot be altered 
much by changing Ap d ; see Chap, 5. 



Perforated plates and most tuyere distributors can be designed dtectjy from 
orifice rheoty, and since the orifice pressure drop is only a sznaD fraction of the 
total pressure drop, we can use the following procedure. 

- 1; Determine the necessary pressure drop across the distributor* Ap^. on, 
the basis of the previous discussion, <or sirnpfy by using Eq. (3). 

S> Cdbulaee the vessel Reynolds number, Re t - d t u 0 pJ^ §ot the total 
flow approaching the distributor and select the rorrespaad&g value for the 
orifice co ef fic ie nt, Cj <or , 



Re t 



100 

0.6*. 



300 
0.70 



500 
0.68 



10Q0 
0-64 



2000 

o.ei 



>3000 
0.60 



3« Determine the gas velocity through the orifice, measured at the 
approach' density and temperature! 



(12> 



The ratio ti<Aar ghnes the fraction of open area in die distributor plate.. See that 
Jthfr b less than 10%. 



I i 
\i 
U 

I , 
1 
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CHAPTER 4 — ^ Dunse Bod: Dfatrfbutot*. C* J«*> Pwipbtf ftw 

4. Decide on N OP > the number of orifices per unit area of distributor, and 
fed the corresponding orifice diameter from die equation 

For t tuyere with an inlet orifice, as to Fig. 3(a), N^ si ^ te J** 
number of tuyeres per unit area. On the othor hand, for tuyere* as in Fig. 2(b), 
but without an inlet orifice (see Fig. 3(b)). N or is given by 

(14) 



(tuy*rft* \ ( number of holes \ 
area /\ tuyere / 



EXAMPLE 1 



Actuate IKafrihAM. For beds of fine soHdj such as FCC catalyst, a 
well-Sed distributor should also act a* a stirrer, f^S 6 ^. 
S3ceeping the bed well fluidfced The factor that measure* to -tfnfag 
effect b Of. defined as 

PgnVggo _ Vii^eiH^ortheori£cftjets {15) 
a m re$is£anc©of the bed 

If a > 1. thejrts ™lt punch tfgrt through the bed, «a^s^gMl^a»mfr 
saSof irtfcles, W oiofta of bed intend If « «1, *• ** •* 
iSute Sto bed ^Hrring. and bubble, rising in the bed wffl ^ to do 

thi1 ' an, typtaJ values of a? For a bed of ciwktag cataJyst at ' 

ambient conditioas, Eq. (3,16) gjvwi In SI units, ' 

57-*- (« 

•» 6000 Fa (aeOcmMjO) 
For perforated plate distributors, cosnmon practice has u„ ranging between .J 
and &>m/s. Replacing these, values in Eq. (W> gives 

a " £(lkg-m/s 2 NK«)O0Pa) 

These vahias of a show that gas }e*s at <^P 5a ^ d «^f* d iJi^ 
contribute wry »de to the stirring of bed ^v**^ J - - 

nuo»U. Zing by the ^^J^^SS^ ISfSS 
. friable particles one may prefer to select As- distributor plat* with smauer 

AWooee of Hfeft /e* TeWfe* at DhkrOuform. When a 
vrfociSSoTbe ied to; provide the needed <^-tor pr^ura d^pl 
of particle attrition, then one must use inlet orit^fortbe tayerw, as« 
Fte 3(a). For orifice plates, one can meet these requirements by pr 
selecting N or and 4or ' . " 

Design a perforated plate ctotrfbutor tar use In a commercial nmotoed bod i 




Data 



4" 4 m 

p t = 1 5O0Kg/rrr» 



'■mi "Si" 



o . e> o.4d 

7U2x10- B Kg/in: 
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